BPA- 402- K- 93- 008
Sept enbber 1993

APHYS QAN S GJ DE - RADON

THE HEALTH THREAT WTH A S MPLE SOLUTT ON

| NTRCDUCTT ON

A Physician's Qui de To Radon

Thi s bookl et on radon has been devel oped for physicians by the U S Environnental
Protection Agency in consultation wth the Anerican Medical Association (AMN. Its
purpose is to enlist physicians in the national effort to informthe Anerican public
about the serious health risk posed by indoor radon gas.

Lung cancer's very high associated nortality rate is even nore tragi c because a
significant portion of lung cancer is preventable. Wiile snoking renai ns the nunber
one cause of lung cancer, radon presents a significant second risk factor. That is
why, in addition to encouraging patients to stop snoking, it is inportant for

physi cians to inquire about and encourage patients to test for radon levels in their
hones. (nhe way to do this is for physicians to join those health care professional s
and organi zati ons who have begun to include questions about the radon I evel in
patients' hones on standardi zed patient history forns.

Because the public views physicians as advisors on heal th and prevention of di sease,
physicians are in a unique position to play a vital role ininformng the public
about the common and serious risk of radon, and in educating their patients in
testing procedures and renedi ation nethods for correcting el evated i ndoor radon

| evel s, thereby hel ping to reduce the nunber of |ung cancer deat hs.

Free radon infornmation naterial s (posters, panphlets, videos) are avail able from

your state radon office (see Sate Radon (ontacts list towards end of this brochure)
to assist you in educating your patients about radon.
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BEXEQIN VE SUMVARY:

According to the dfice of the Surgeon General : Indoor radon gas is a serious

heal th problemin our nation that can be addressed by individual action. Uhless
peopl e becone aware of the danger radon poses, they will not act. MIlions of hones
are estinated to have el evated radon levels. Fortunately, the solution to this
problemis straight-forward. Like the hazards fromsnoki ng, the heal th risks of
radon can be reduced.

Radon Causes Thousands G Preventabl e Lung Cancer Deat hs Each Year

Each year inthe Lhited Sates exposure to indoor radon gas causes thousands of
preventabl e lung cancer deaths. In fact, the Surgeon General has warned that radon
is the second | eadi ng cause of lung cancer in the Lhited Sates. Extensive

epi dem ol ogi cal evi dence fromstudi es of underground mners, conpl enented by ani nal
data, indicates that radon causes | ung cancer in both snokers and nonsnokers,
although nalignancy is especially likely to occur in cigarette snokers. Exposure to
bot h snoki ng and radon greatly enhances the risk of lung cancer. The
carcinogenicity of radon is supported by a consensus of opi nion anong national and
international health organizations. By informng patients about the health risk




posed by radon exposure and providing practical advice about radon testing and
mtigation, physicians can have a trenendous positive inpact on the national effort
to prevent rpdon-induced | ung cancer.
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*Radon is estimated to cause about 14,000 deaths per year -- however, this nunber
could range from7,000 to 30,000 deaths per year. The nunbers of deaths from ot her
causes are taken fromthe 1990 National Safety Gouncil reports.

Radon |Is Easy To Detect And Reduce In A Hone

The danger posed by radon can be detected rather easily through i nexpensive do-it
yoursel f testing, or through a trained radon contractor. Radon test kits can be
purchased by nai|l order or in hardware stores and other retail outlets. Because of
the serious health risk posed by radon, the U S Environnental Protection Agency
(BPA recommends that all hones be tested for radon bel owthe third fl oor.

If an el evated radon level is discovered in a hone, it can be corrected. It is
recommended that a confirned radon | evel of 4 picocuries per liter (pd/L) of air or
hi gher be reduced to decrease the risk of devel opi ng |ung cancer. The cost of radon
mtigation in a typical hone ranges fromabout $500 to about $2,500. Your state
radon infornation of fice (see page toward end of this brochure) can provi de general
advi ce about radon testing and mtigation, as well as specific infornation about

gual i fied radon contractors in your state.




"Physicians are often the only science professional known to their patients and are
al nost al ways a trusted source of infornation about science in general and health in
particular. Radon does increase the risk of Iung cancer, and physicians have an
obligation to educate their patients about the health risk associated wth radon."
(Jerod M Loeb, Assistant M ce-President for Science, Technol ogy and Public Heal th
of the Anerican Medical Associ ation)

VWHAT |'S RADON?:

Radon-222 is a radioactive gas rel eased during the natural decay of thoriumand
urani um which are coomon, naturally occurring el enents found in varying amounts in
rock and soil. Qlorless, invisible, and wthout taste, radon cannot be detected

w th the hunan senses.

Radon- 222 decays into radi oactive el enents, two of which -- pol oni um218 and

pol onium 214 -- emt al pha particles, which are highly effective in danagi ng | ung
tissues. These al pha-emtting radon decay products have been inplicated in a causal
rel ati onship with Iung cancer in hunans.

CHARACTER ST1 CS AND SOURCES F RADON

Qutdoors, where it is diluted to lowconcentrations in the air, radon poses
significantly less risk than indoors. In the indoor air environnent, however, radon
can accunul ate to significant |evels. The nagnitude of radon concentration indoors
depends prinmarily on a building s construction and the amount of radon in the
underlying soil. The soil conposition under and around a house affects radon | evel s
and the ease wth which radon mgrates toward a house. Nornal pressure differences
bet ween the house and the soil can create a slight vacuumin the hone that can draw
radon gas fromthe soil into the building.

Radon gas can enter a hone fromthe soil through cracks in concrete floors and

wal I's, floor drains, sunp punps, construction joints, and tiny cracks or pores in
hol | ow bl ock wal |s. Radon | evel s are general ly highest in basenents and ground
floor roons that are in contact wth the soil. Factors such as the design,
construction, and ventilation of the hone affect the pat hways and sources that can
draw radon indoors. Another source of radon indoors nay be air rel eased by wel |
water during showering and ot her househol d activities. Qonpared to radon entering
the hone through soil, radon entering the hone through water wll in nost cases be a
snal | source of risk.

HONRADON ENTERS YOLR HOUSE

G acks in concrete sl abs

Spaces behind brick veneer walls that rest on uncapped hol | ow brick foundation
Pores and cracks in concrete bl ocks

Hoor-wall joints

onm>




Exposed soil, as in a sunp

Weping (drain) tile, if drained to open sunp
Mrtar joints

Loose fitting pi pe penetrations

Qpen tops of block walls

Building naterial s such as sone rocks

Vdter (fromsone wells)
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THE HEALTH R &K
How Does Radon | nduce Cancer ?

If inhal ed, radon decay products (pol oni um 218 and pol onium214, solid forn),
unattached or attached to the surface of aerosols, dusts, and snoke particl es,
becone deeply | odged or trapped in the |ungs, where they can radi ate and penetrate
the cells of nucous nenbranes, bronchi, and other pul nonary tissues. The ionizing
radi ation energy affecting the bronchial epithelial cells is believed toinitiate
the process of carcinogenesis. A though radon-related |ung cancers are nmainly seen
in the upper airways, radon increases the incidence of all histological types of

| ung cancer, including snall cell carcinona, adenocarci nona, and squanous cel |
carcinoma. Lung cancer due to inhal ation of radon decay products constitutes the
only known risk associated wth radon. In studies done on mners, variables such as
age, duration of exposure, tine since initiation of exposure and especially the use
of tobacco have been found to influence individual risk. In fact, the use of
tobacco mnul tiplies the risk of radon-i nduced | ung cancer enornously.

Wiat is the Bvi dence?

Mre is known about the health risk of radon exposure to hunans than about nost

ot her human carci nogens. This know edge i s based on extensi ve epi dem ol ogi cal

studi es of thousands of underground mners, carried out over nore than fifty (50)
years world-wde, including mners inthe Lhited Sates and Ganada. In addition to
the mner data, experinental exposures of aninal s confirmthat radon and its decay
products can cause | ung cancer.

The research on lung cancer nortality in mners exposed to radon progeny is
substantial and consistent. Sudies of thousands of mners, sone wth fol | ow up
periods of thirty (30) years and nore, have been conducted in netal, fl uorspar,
shale, and uraniummnes in the Lhited Sates, Ganada, Australia, China, and Europe.
These studi es have consistently shown an increase in | ung cancer occurrence wth
exposure to radon decay products, despite differences in study popul ations and

net hodol ogi es.

The mner studies produced sone interesting findi ngs.



®m A equal cuml ative exposures, |ow exposures in the range of EPAs 4 pd/L
action level over |onger periods produced greater |ung cancer risk than high
exposures over short peri ods.

m |ncreased |ung cancer risk wth radon exposure has been observed even after
controlling for, or in the absence of, other mne exposures such as asbest os,
silica, diesel funes, arsenic, chromum nickel, and ore dust.

m |ncreased | ung cancer risk has been observed in mners at relatively | ow

cunul ative exposures in the range of BPAs 4 pd/L action |level (Sevc Kunz, Tonasi k
et al, Health Physics 54(1):27-46,1988; Milles Weeler et al, Proceedi ngs of
International Gonference on Gcupation Radiation Safety in Mning, Vol. 1, Canadi an
Nucl ear Association; Radford and S. dair Renard, New Engl and Journal of Medici ne
310(23) : 1485- 1494, 1984; Wodwar d, Roder et al, "Cancer Causes and Gontrol " 2: 213- 220,
1991).

®  Nonsnoki ng mners exposed to radon have been observed to have an increased ri sk
of |ung cancer.

The followng table lists seven (7) of the naj or epi demol ogi cal studies of
underground mners and their reported relative risk coefficients.

ESTI MATES (F LUNG CANCER R SK FROM B DEM A.Gd CAL STWD ES GF UNDEREROUND M NERS
BEXPCEED TO RADON

Cech UaniumMners - Average Exposure (WM a = 313
Rel ative Rsk Qoefficient (%WMb =1.92
Ref erences = Thonas et al, 1985

Average Exposure (WMa = 226
Rel ative Rsk Goefficient (%WMb =15
References = Seve et al, 1988

Otario UaniumMners - Average Exposure (WMa = 40-90
Rel ative Rsk Qoefficient (%WMb =0.51.3
Ref erences = Mil | er, 1984

Average Exposure (WMa = 40-90
Rel ative Rsk Qoefficient (WMb =1.4c
Ref erences = NAS 1988

New Mexi co UraniumMners - Average Exposure (WMa = 111.4
Rel ative Rsk Goefficient (WMb =1.8
References = Sanet et al, 1991



Siedish Iron Mners - Average Exposure (WMa =814
(Mal nber get ) Relative Rsk Qoefficient (%WMb =3.6
References = Radford & . Qair Renard, 1984

Average Exposure (WMa =814
Rel ative Rsk Qoefficient (WMb =1.4c
Ref erences = NAS 1988

Gl orado A ateau - Average Exposure (WMa =834
U ani um M ner s Relative Rsk oefficient (%WMb =45
Ref erences = Thonas et al, 1988
Average Exposure (WMa =834
Relative Rsk Qoefficient (%WMb = .06c
Ref erences = NAS 1988
H dorado (Beaverl| odge) - Average Exposure (WMa = 20.2
U ani um M ner s Relative Rsk Qoefficient (%WMb = 3.28

Ref erences = Howe et al, 1986

Average Exposure (WMa = 20.2
Rel ative Rsk Qoefficient (WMb = 2.6¢
Ref erences = NAS 1988

Newf oundl and H uorospar -  Average Exposure (WMa = 382.2
M ner s Relative Rsk oefficient (%WMb =0.9
References = Morrison et al, 1988

a = Wrking level nonth (WM is the cumul ative exposure equi val ent to one (1)
working level (W) for a working nonth (170 hours). A W is any conbi nation of
short-lived radon daughters in one (1) liter of air that wll result in the emssion
of 1.3 x 105 MV of potential al pha energy. A hone exposure of 4 pd/L for seventy
(70) years woul d approxi matel y equal a cunul ative exposure of 54 WM (assumng 75%

occupancy) .

b =The relative risk coefficient is the fractional increase above the baseline |ung
cancer incidence or nortality rate per WM For exanpl e, the Czech U ani um M ner

denonstrated a 1. 92%i ncreased | ung cancer risk for every VUMof exposure.
to five (5 WMwould therefore increase | ung cancer risk by 9.6%over baseline.

c = Estinate based on reanal ysis of the data by the NAS wth the cooperation of the

principal investigators.



*The excess rel ative risk coefficient used in EPA's risk assessnent (1.3%WN is
that derived by the NAS RIV report based on their anal ysis of studies of
under ground m nes.

A detail ed discussion of the strengths and weaknesses of the various mner studies
can be found in the BPA's Technical Support docunent for the 1992 dtizen's Qlide to
Radon, avail abl e fromyour state radon office, or the RV Report (National
Acadeny of Sciences (NAS) 1988).

Aninal experinents conducted in the Lhited Sates and France al so have confirned the
carcinogenicity of radon and have provided insight into the nature of the exposure-
response rel ationship, as well as the nodifying effects of the exposure rate. To
date these ani nal studi es have produced several rel evant findings.

m Health effects observed in aninal s exposed to radon and radon decay products
i ncl ude | ung carcinonas, pul nonary fibrosis, enphysena, and a shortening of life-
span (US DI Gfice of Energy Research 1988a).

m The incidence of respiratory tract tunors increased wth an increase in
cunul ati ve exposure and wth a decrease in rate of exposure (NAS 1988).

m |ncreased incidence of respiratory tract tunors was observed in rats at
cunul ati ve exposures as | owas 20 WM (NAS 1988) .

m Exposure to ore dust or diesel funes sinmultaneously wth radon did not increase
the incidence of |ung tunors above that produced by radon progeny exposures al one
(DE Gfice of Energy Research 1988a).

m Lifetine lung-tunor risk coefficients that have been observed in aninals are
simlar tothe life-tine | ung-cancer risk coefficients observed i n hunan studi es
(DE Gfice of Energy Research 1988a).

m |nastudy of rats exposed to radon progeny and urani umore dust sinultaneously,
it was observed that the risk of lung cancer was el evated at exposure |evels simlar
to those found in hones. The risk decreased in proportion to the decrease in radon
-progeny exposure (Qoss et al, 1991).

In 1988, a panel of world experts convened by the Wrld Health Qganization' s
International Agency for Research on Cancer unani nously agreed that there is
sufficient evidence to conclude that radon causes cancer in hunans and in | aboratory
aninals (1ARG 1988). <cientific coonmttees assenbl ed by the National Acadeny of
Sciences (NAS, 1988), the International Gonmission on Radiol ogical Protection (1 CGRP,
1987), and the National Gouncil on Radiation Protection and Measurenent (NCRP, 1984)
al so have reviewed the avail abl e data and agreed that radon exposure causes hunan

| ung cancer.

Recogni zing that radon is a significant public health risk, scientific and
prof essi onal organi zati ons such as the Anerican Medi cal Associ ation, the Anerican



Lung Association, and the National Medical Association have devel oped prograns to
reduce the health risks of radon. The National Institute for Gccupational Safety
and Health (N C8H reviewed the epi demol ogi cal data and recomnmended that the annual
radon progeny exposure limt for the mning industry be | owered (N C8H 1987).

Is Gccupational Exposure to Radon Conparabl e to Residential Exposure?

Because questions have been rai sed about the appropriateness of using the

epi demol ogi cal studies of underground mners as a basis for estinmating the risk
radon poses to the general popul ation, the BPA conmissioned the National Acadeny of
Siences (NAS) to investigate the difference between underground mners and nenbers
of the general public in the doses they recei ve per unit exposure due to inhal ed
radon progeny.

The NAS report, published in 1991 (National Acadeny of Sciences, 1991, Gonparative
Dosi netry of Radon in Mnes and Hones. MNational Acadeny Press, Véshington, D C),
concluded that it is reasonable to extrapolate fromthe mner data to a residential
situation, but that the effective doses per unit of exposure for people in their
hones is approxinmately thirty percent (30% less than for the mners. Inits

anal ysi s, NAS considered variabl es such as the anount and type of dust to which the
radon decay particles would attach, the breathing rate of working mners conpared to
that of people at hone, and the presence of wonen and children in the hones.

BPA has adjusted its residential risk estinates accordingly. The result is still
consi der abl e-- BHPA now estinates that approxi nately 14,000 | ung cancer deaths in the
Lhited Sates per year are due to residential radon exposures, wth an uncertainty
range of 7,000 to 30,000. As nore data are gathered about residential radon
exposures, the risk estinates nay be adjusted further. Enough data exists now
however, to be able to say wth certainty that thousands of preventabl e | ung cancer
deaths annually in the Lhited Sates are attributabl e to indoor residential exposure
to radon.

More information about residential exposure to radon i s needed to answer inportant
guestions about radon's effect on wonen and children--groups not included in the
occupational studies of mners. A though children have been reported to be at
greater risk than adults of devel oping certain types of cancer fromradi ation,
currently there is no concl usi ve evi dence that radon exposure places children at any
greater risk. Sone mner studies and aninal studies indicate that for the sane
total exposure, a |l ower exposure over a longer tine is nore hazardous than short,

hi gh exposures. These findi ngs increase concerns about residential radon exposures.
Epi dem ol ogi cal case control studies are underway in the US and Europe, the pool ed
resul ts of whi ch shoul d enhance the understanding of the risk of residential
exposure to radon.

Wiat About Swoki ng and Radon Exposur e?

Sone peopl e ask whet her the | ung cancer deaths attributed to radon exposure actual |y
nay be the result of snoking. A 1989 study by researchers fromthe National



Institute for QGocupational Safety and Health, the Genters for D sease Gontrol, the
Harvard School of Public Health, and the Uhiversity of Gllifornia at Davis
denonstrated a greatly incased | ung cancer risk in nonsnoki ng urani ummnners exposed
to high radon concentrations: conpared to typical non-snoki ng popul ations, these
mners had nine (9) to twelve (12) tines the risk of devel opi ng | ung cancer (Roscoe
et a, JAMA 262(5): 629-633, 1989).

BEvi dence fromsone of the epidemol ogi cal studies of underground mners, prinarily
U S uraniummners, indicate that radon exposure and snoki ng nay have a
synergistic relationship. HEther snoking or radon exposure can i ndependent!|y
increase the risk of lung cancer; however, exposure to both greatly enhances t hat
risk.

RADON R SK GOMPAR SON FCR SMEKERS AND NONSMEKERS

If 1,000 peopl e who never
snoked were exposed to this
level over alifetine......

If 1,000 peopl e who snoked
were exposed to this |evel
Radon Level over a lifetine...........

20 pd L About 135 peopl e coul d get About 8 peopl e coul d get
(740 Bg/nd) |ung cancer | ung cancer
10 pd /L About 71 peopl e coul d get About 4 peopl e coul d get
(370 Bg/nd) |ung cancer | ung cancer
8 pd/L About 57 peopl e coul d get About 3 peopl e coul d get
(296 Bg/nd) |ung cancer | ung cancer
4 pd/L About 29 peopl e coul d get About 2 peopl e coul d get
(148 Bg/nd) |ung cancer | ung cancer
2 pd/L About 15 peopl e coul d get About 1 person coul d get
(74 By M) | ung cancer | ung cancer
1.3 pd/L About 9 people could get Less than 1 person coul d

(48.1 Bg/ M) ung cancer

0.4 pd/L

About 3 peopl e coul d get

(14.8 Bg/ M) ung cancer

* Bg/nmi = Bequerel / net er®

THE SALUTT AN

get |ung cancer

Less than 1 person coul d
get |ung cancer



Wy Shoul d Every Hone be Test ed?

The BEPA and the U S Surgeon General recommend testing all hones bel owthe third
floor for radon. Data gathered by the BHPA national radon survey indicate that

el evated radon level s are present in about six mllion (6,000,000) hones throughout
the Lhited Sates. In every state there are hones w th dangerously hi gh radon

| evel s. Because the radon concentration inside a hone is due to factors relating to
its structure and geographi c | ocation, each individual hone nust be tested to
determne its radon level. Two adjacent houses nay have radically different radon
levels. And any kind of hone can have el evated levels -- newor old, drafty or

wel | -seal ed, and basenent or non-basenent .

How do You btain a Reliable Test Result?

A though radon cannot be seen or snelled, wth the proper equi pnent its presence is
rel atively easy to detect.

The BPA operates a vol untary Radon Measurenent Proficiency (RW) Programt hat

eval uat es radon neasurenent conpani es and the test services they offer. EPA
reconmends that testing services be purchased fromone of the organizations |isted
by BPA or certified by the state. Mst conpanies indicate U S HEPA or RW approval
on the test kit box by displaying the phrase, "Meets EPA Requirenents.” A list of
radon neasurenent conpani es and individual s the BPA has determned to be
"proficient” can be obtained fromthe Sate Radon Gfice (see list towards the end
of this brochure). Atest kit obtained froma qualified conpany, if used according
to directions, should provide accurate results.

Radon Testing Met hods

The qui ckest way to test for radon is wth a short-term"do-it-yoursel f" radon test
kit, available by nail order and in nmany retail outlets or by hiring an BPA
gualified or state-certified radon tester. Gommon short-termtest devices are
charcoal canisters, alpha track detectors, liquid scintillation detectors, electret
ion chanbers, and continuous nonitors. A short-termtesting device renains in the
hone for two (2) to ninety (90) days, depending on the type of device. Because
radon level s tend to vary fromday-to-day and season-to-season, a long-termtest is
nore likely than a short-termtest to neasure the hone' s year-round average radon
level. |If results are needed quickly, however, a short-termtest followed by a
second short-termtest nay be used to determne the severity of the radon probl em

Long-termtest devices, conparable in cost to devices for short-termtesting, renain
inthe hone for nore than three (3) nonths. Along-termtest is nore likely to

indi cate the hone' s year-round average radon |l evel than a short-termtest. A pha
track detectors and el ectret ion detectors are the nost common | ong-termtest

devi ces.
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Radon Test Devices

Charcoal canister and liquid scintillation detectors contain snall quantities of
activated charcoal. Radon and its decay products are absorbed onto the charcoal and
are neasured by counting wth a sodiumiodide detector or a liquid scintillation
count er .

A pha track detectors contain a snall sheet of plastic that is exposed for a period
of one (1) tothree (3) nonths. A pha particles etch the plastic as they strike it.
These narks are then chemcally treated and counted in the | aboratory to deternmne
the radon concentrati on.

Hectret ion detectors contain an el ectrostatically charged Teflon disk. lons
generated by the decay of radon strike and reduce the surface vol tage of the disk.
By neasuring the voltage reduction, the radon concentration can be cal cul at ed.

(onti nuous nonitors are active devi ces which need power to function. They require
operation by trained testers and work by continuously neasuring and recording the
anount of radon in the hone.

How To Test

During a short-termtest, doors and w ndows are cl osed twel ve (12) hours prior to
testing and throughout the testing period. (A short-termtest lasting two (2) or
three (3) days shoul d not be conducted during unusual |y severe storns or periods of
unusual |y high winds.) The test kit is placed in the lowest lived-in |evel of the
hone, at least twenty (20) inches above the floor, in aroomthat is used regul arly,
but not in the kitchen or bathroomwhere high humdity or the operation of an
exhaust fan could affect the validity of the test. A the end of the test period,
the kit is nailed to a laboratory for analysis; results are nailed back in a few
weeks.

In sone cases, such as real estate transactions, trained EPAlisted or state-
certified contractors conduct the radon test. The EPA s panphl et Hone Buyer's and
Seller's Quide to Radon, whi ch addresses issues during real estate transactions, is
avai labl e fromstate radon of fi ces.

| NTERPRETI NG RADON TEST RESULTS

A If the short-termtest result is 4 pd/L or higher, conduct a followup test to
confirmthe results.

B Followup wth either a long-termtest or a second short-termtest.

For a better understanding of the hone's year-round average radon | evel,
take a long-termtest.

12



If results are needed quickly, take a second short-termtest.

The higher the initial short-termresult, the nore certai n the honeowner
can be to conduct a short-termrather than a long-termfollow up test.

If the first short-termtest result is several tines the action |evel--

for exanpl e, about 10 pd/L or higher -- a second short-termtest shoul d
be taken i rmedi ately.

C If thelong-termfollowup test result is 4 pd/L or nore, fix the hone.

| f the honeowner followed up wth a second short-termtest: the

hi gher the short-termresults, the nore certain the honeowner can be that
the hone should be fixed. The honeowner shoul d consider fixing the

hone if the average of the first and second test is 4 pd/L or higher.

Basis for the 4 pd/L Radon "Action Level "

No radon | evel is considered "safe". The risk of devel oping lung cancer is directly
proportional to the levels and duration of exposure to radon: the higher the radon
concentration, the higher the lung cancer risk. The 4 pd/L "Action Level" is based
on current mtigation technol ogy. Today, mtigation technol ogy can al nost al ways
reduce hi gh radon concentration levels to below4 pd/l and to 2 pd/L or bel ow 70-
80 percent of the tine. The average radon level in hones is about 1.25 pd/L.

A though Gongress passed | egislation in 1988 establishing a national goal that

i ndoor radon | evel s not exceed anbi ent outdoor radon levels (0.2-0.7 pd /L), this
goal is not yet technol ogi cal |y achi evabl e.

Radon Reducti on Mgt hods

Radon in soil is drawn indoors by the differential between the relatively lowair
pressure in the house and the higher air pressure in the soil. Therefore, radon
reduction strategies fall into tw basic categories: those that prevent the entry
of radon gas into the hone, and those that attenpt to renove the radon once it has
entered the hone. In nost situations, the first approach -- preventing radon entry
-- is the nost effective.

A though seal ing cracks and other openings in the foundation is a basic part of nost
approaches to radon reduction, sealing alone is not recommended; it is best done in
conjunction wth other mtigation techni ques to enhance their effectiveness.

The nost popul ar radon mitigation technology is called "sub-slab depressurization”
or "sub-slab suction.” The "sub-slab depressurization" technique renoves radon-

| aden air frombeneath the foundation and vents it outside the house by installing a
fan and inserting a pipe through the foundation into the aggregate bel ow running it
to a point outside the shell of the house. A simlar technique, "sub-nenbrane
depressurization,” which is effective in buildings wth earth-fl oored craw spaces or
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basenents, uses a plastic barrier over the soil as a collection cover. Another
depressuri zati on techni que for preventing radon entry, "bl ockwal | depressurization, "
uses a fan and duct work to draw suction on the hollowinterior cavities of a
concrete block wall. By keeping the air pressure wthin the bl ock wall |ower than
the air pressure in the basenent, the soil gas is renoved before it can enter the
basenent .

Reduci ng radon | evel s requires techni cal know edge and special skills. The EPA
operates a Radon ontractor Proficiency (RIP) Programthat eval uates radon reduction
contractors. As wth the Radon Measurenent Proficiency (RW) Program the BEPA sends
alist of RIP contractors to state radon offices (see list near the end of this
brochure). Selecting a radon contractor is much |ike choosing a contractor for
other hone repairs; it nakes sense to get references and nore than one estinate.

The average cost to correct a radon problemin a hone is about $1,200, although it
can range fromabout $500 to about $2,500. A free copy of A Gonsuner's Quide to
Radon Reduction is available fromstate radon offices. People who choose to fix
their hones thensel ves should refer to the BPA's technical guide, Radon Reduction
Techni ques for Detached Houses, available fromstate radon of fi ces.

After the radon reduction procedure is conpl ete, the hone shoul d be retested. Mbst
radon reduction systens include a nonitor that wll alert the honeowner if the
syst em needs ser vi ci ng.

OHR | NDOR A R PALLUTANTS

PREVENTI VE MEASLRES THAT CAN BE TAKEN TO REDUCE YOLR EXPCBLRE TO | NDOR AR
PALLUTANTS | NOLLEE THE FOLLOVNG

Envi ronnental Tobacco Shwke (ETS):

@® Don't' snoke around others, particularly children.

@® FEvery organization dealing wth children shoul d have a snoki ng policy that
effectively protects children fromETS

® In the work place, prohibit snoking indoors or provide separately ventil ated
snoki ng ar eas.

® |If snoking is permtted in restaurants and bars, placenent of snoking areas
shoul d be desi gnated to mni mze nonsnoker exposure.

ological Ar Pollutants:

@® Provide adequate outdoor air ventilation.

@® Keep equi pnent water reservoirs clean.

® Himnate standing water, wash beddi ng and soft toys frequently in hot water.
® \Vacuumcarpets and uphol stered furniture regul arly.

Vol atil e Qgani c Gonpounds (M)

® Renove the source.
® Avoid use.
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@® Increase ventilation when using products.

Q her (onbusti on Product s:

@® \ent furnaces, water heaters and cl othes dryers to the outdoors.

@® FPeriodic professional inspections and nai ntenance of naj or appl i ances.
@® Regularly clean firepl ace and wood/ coal stove fl ues.

Environnental Tobacco Swoke (ETS

The U S Environnental Protection Agency has cl assified environnental tobacco snoke
(ETS as a Goup A (known human) carcinogen. HPA estimates that approxi nately 3, 000
lung cancer deaths in the Lhited Sates per year anong nonsnokers are due to ETS
The U S Surgeon General, the National Research Gouncil, and the National Institute
for Qcupational Safety and Heal th have all concl uded that passive snoking can cause
| ung cancer in otherw se heal thy adults who never snoked.

(hildren's lungs are even nore susceptible to harmiul effects fromEIS Ininfants
and young children up to three years, exposure to ETS causes an approxi nate doubl i ng
in the incidence of pneunonia, bronchitis, and bronchiolitis. There is also strong
evi dence of increased mddl e ear effusion and reduced | ung function and | ung grow h.
Several recent studies link ETSwth increased incidence and preval ence of asthna
and i ncreased severity of asthnatic synptons in children of nothers who snoke

heavi | y.

Envi ronnental tobacco snoke is a conpl ex mxture of nore than 4,000 chemcal s found
in both vapor and particle phases, nany known toxi c and carcinogeni c agents. EIS
consi sts of both "sidestreami snoke, the emssion fromthe burning end of the
cigarette, and exhal ed "nai nstreamsnoke, " the snoke i nhal ed by the active snoker.

Bological Air Pollutants

Dust mtes, nolds, aninal dander, and other biologicals are found in sone degree in
every hone and workplace. Hgh relative humdity is the prinary factor encouragi ng
bi ol ogi cal agents to grow and be released into the air. B ological agents are known
to cause three types of hunan diseases: infections, where pathogens i nvade hunan
tissues; hypersensitivity diseases, where specific activation of the i rmune system
causes di sease; and toxi coses, where biologically produced chemcal toxins cause
direct toxic effects.

Vol atile Ogani ¢ Gnpounds (M)

Vol atile Oganic Gnpounds (MOX) are emtted as vapors or gases at ordinary
tenperatures froma variety of sources. Mny are toxic, including benzene, carbon
tetrachl oride, and fornal dehyde. M3Gs can be found in paint, uphol stery, spray
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cans, copy nmachine toners, clothing, and other sources. Health effects range from
irritation of the eyes and respiratory systemto kidney or |iver danmage, cancer, or
birth defects.

G her Gonbusti on Product s

Aside fromETS the naj or combustion pollutants -- carbon nonoxi de (GJ, nitrogen
dioxide (N®), and sulfur dioxide (S®) -- that nay be present at harniul levels in
the hone or workplace stemchiefly fromnal functioning or msusing heating devi ces.
An addi tional source of exposure nay be notor vehicle emssions as a result of a
garage or |oading dock |ocated near air intake vents. Synptons nay mmc infl uenza
and include fatigue, nausea, dizziness, headaches, cognitive inpairnent, and
tachycardia during the heating season.

For nore infornation on these and other indoor air pollutants, call BPA's Indoor Ar
Quality Infornmation A earinghouse (1-800-438-4318) for Indoor Ar Pollution: An
Introduction for Health Professionals and The Inside Sory: A Qiide to Indoor Ar

Quality.
MOST GOMMONLY ASKED QUESTI ONS ABOJT RADON

Q Were does radon cone fron?
A Radon is a naturally occurring gas that results fromthe breakdown of urani um
commonl y found in soil.

Q Howdoes radon enter ny hone?

A Radon cones up through the soil and rocks surroundi ng your hone and seeps
through cracks in concrete walls and floors, floor drains, sunp punps, joints, and
hol | ow brick wal | s.

Q Wy haven't | heard of the radon danger until recently?
A Radon has always existed. However, it was not until the 1980s that dangerous
radon | evel s were found insi de hones across the U S

Q Wat are the health risks?
A  Radon is the second | eadi ng cause of |ung cancer.

Q Hwdo !l knowif I have radon in ny hone?

A By testingwth an BEPAlisted or Sate-certified easy-to-use, inexpensive test
kit as soon as possible, or by hiring an BPAlisted or Sate-certified contractor to
test your hone for you.

Q If | have a radon problem can it be corrected?

A Yes. The use of trained personnel is recoomended. Sate radon offices can
recormend qualified contractors. In sone cases, the problemcan be treated by the
honeowners if they have experience wth other kinds of hone repair.
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Q WII ny neighbor's radon neasurenent indi cate whether or not | have a radon

pr obl en?

A No. Radon levels vary fromhouse to house.
radon problemis to conduct a test.

Q Hwcan |l get areliable radon test kit?
A Kts can be purchased through the nail or fromyour |ocal grocery or hardware

store or other retail outlets.
certified or BPA-1i sted.

STATE RADON GINTACTS

A abama

A aska

Ari zona
Ar kansas

Glifornia

Gl or ado

Gonnecti cut

Del anar e

bC

Horida

800/ 582- 1866
205/ 242- 5315

800/ 478- 4845
907/ 465- 3018

602/ 255- 4845
501/ 661- 2301

800/ 745- 7236
916/ 324- 2208

800/ 846- 3986
303/ 692- 3057

203/ 566- 3122

800/ 554- 4636
302/ 739- 3028

202/ 727-5728

800/ 543- 8279
904/ 448- 1525

Look for atest kit froma conpany that is Sate-

The only way to know if you have a
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Georgi a

Hawai i

| daho

[1linois

| ndi ana

| owa

Kansas
Kent ucky

Loui si ana

M ne

Maryl and

Massachusett s

M chi gan

M nnesot a

M ssi ssi ppi

M ssour i

Mont ana

Nebr aska

800/ 745- 0037
404/ 657- 6534

808/ 586- 4700

800/ 445- 8647
208/ 334- 6584

800/ 325- 1245
217/ 786- 7127

800/ 272- 9723
317/ 633- 0150

800/ 383- 5992
515/ 242- 5992

913/ 296- 1561
502/ 564- 3700

800/ 256- 2494
504/ 925- 7042

800/ 232- 0842
207/ 287- 5676

800/ 872- 3666
410/ 631- 3301

800/ 445- 1255
413/ 586- 7525

517/ 335- 8190

800/ 798- 9050
612/ 627- 5012

800/ 626- 7739
601/ 354- 6657

800/ 669- 7236
314/ 751- 6083

406/ 444- 3671

800/ 334- 9491
402/ 471- 2168
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Nevada

New Hanpshi re

New Jer sey

New Mexi co

New Yor k

North Carolina
Nort h Dakota
Ghio

kI ahonma
Q egon

Pennsyl vani a

Fhode | sl and
South Garolina
Sout h Dakot a

Tennessee

Texas
U ah

\er nont

Mrginia

Véshi ngt on

702/ 687- 5394

800/ 852- 3345x4674

603/ 271- 4674

800/ 648- 0394
609/ 987- 6396

505/ 827- 4300

800/ 458- 1158
518/ 458- 6451

919/ 571- 4141
701/ 221- 5188

800/ 523- 4439
614/ 644- 2727

405/ 271- 5221
503/ 731- 4014

800/ 237- 2366
717/ 783- 3594, 95

401/ 277- 2438
800/ 768- 0362

800/ 438- 3367
605/ 773- 3351

800/ 232- 1139
615/ 532- 0733

512/ 834- 6688
801/ 538- 6734

800/ 640- 0601
802/ 865- 7730

800/ 468- 0138
804/ 786- 5932

800/ 323-9727
206/ 753- 4518
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Vst Mirginia 800/ 922- 1255
304/ 558- 3526

Wsconsi n 608/ 267- 4795
\Woni ng 800/ 458- 5847

307/ 777- 6015
GQiam 617/ 646- 8863
Puerto R co 809/ 767- 3563

Mrgin Islands 800/ 468- 0138

NATI ONAL RADON HOTLINE 1 800/ SC5- RADON

ACD TTONAL | NFORVATI QN SOURCES AND SUGESTED READI NG LI ST
The followng free naterials are avail able fromyour state radon offi ce:

*  Reduci ng Radon R sk
e« Adtizen's Qiide to Radon (1992 Edition): The Quide to Protecting Yoursel f and

Your Famly fromRadon (avail abl e i n Spani sh)

Techni cal Support Docunent for the 1992 dtizen' s Giide to Radon
Hone Buyer's and Seller's Guide to Radon

Radon i n School s

Gonsuner' s Gui de to Radon Reducti on

For additional indoor air publications, call BPAs Indoor Air Qiality Infornation
d eari nghouse (1-800-438-4318).

e The Inside Sory: A Qide tolIndoor Ar Qiuality
e Indoor Air Pollution: An Introduction for Heal th Prof essional s
e  Secondhand Shoke

Your state radon office has other pronotional naterials, including free posters, to
di splay in your office.

Suggest ed Readi ng Li st:

Qouncil on Scientific Afairs. 1987. Anerican Medical Association (AW, Radon in
Hones. Journal of the American Medical Associ ation. 258: 668-672.
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Qouncil on Sientific Aifairs. 1991, Health Bfects of Radon Exposure. Archives
of Internal Mdicine. 151:674-677.

Lubin, J.M, Sanet and Winberg, C 1990. Design Issues in Epidemol ogi c studies
of Indoor Exposure to R and R sk of Lung Gancer. Health Physics. 59(6): 807-817.

National Acadeny of Sciences, 1991. Gonparative Dosinetry of Radon in Mnes and
Hones. National Acadeny Press, Véshington, DC

National Acadeny of Sciences, 1988. Health R sk of Radon and Qher Internal |y
Deposi ted A pha Emtters; RIV. National Acadeny press, Véshington, DC

Roscoe, RJ., et al. 1989. Lung Gancer Mrtality Arong Non- Shoki ng U ani um M ners
Exposed to Radon Daughters. Journal of the Anerican Medi cal Associ ation.
262(5): 629-633.

Sanet, J.M, Solwjk, J. and Rose, S 1991a. Summary: International Vérkshop on
Residential R Epidemol ogy. Heal th Physics. 60(2):223-227.

Sanet, J.M and Hornung, R 1990. Wrkshop on Indoor Air Quality: Review of radon
and Lung Gancer Rsk. R sk Analysis. 10(1): 65-75.

US DXEGfice of Energy Research, 1989. International Vérkshop on Residenti al
Radon Epi demol ogy: Vérkshop Proceedi ngs. Gommssion of European Gonmuniti es,
Radi ati on Protection Program QON~8907178.
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